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ABSTRACT 



In order to gain some understanding of dixuplet interference 
during burning, experiments have been conducted for the determin- 
ation of the evaporation constant and flanc shapes of two closely 
spaced n-heptano droplets burning in air. Droplets of approximately 
the came and of different diameters were used at various distances 
betv.een the droplet centers. 

Experimental results on flame chares and evaporation constants 
for closely spaced droplets show somev/hat surprising behavior. This 
the apparent flame 3 tape changes very little diring tho burning of 
the droplet. The square of the droplet diameter decreases linearly 
with time for fixed spacing between droplet centers, at least wittiin 
the experimental limits of accuracy. Since geometrically different 
conditions are produced continuously during burning, the observed 
independence of the slope of plots for the square of droplet diameter 
vs time is not obviously expected, furthermore, for dronlets of 2 
different average initial diameters u , the frequency, K" «= X*/(S°) » 
where 1 b the usual evaporation constant, is well represented os a 
unjvergal function of the initial SDacing between droplet co.iterc 
(C°+ D°) or adjacent dux«plot surfaces (C°). 

The evaporation constant Tc* for constant 5 °, and the frequency 
K" for arbitrary values of E°, increase at fire£ ns C° is reduced 
and then decrease again. For large values of C , K* approaches tho 
numerical value measured in studies on the burning of single droplets. 
This behavior can be understood in terns of a competition between heat 
losses to tho outside from the flame front surrounding a single drop- 
let, which decrease as tho droplets are brought together, and or/.e- - 
deficient atmospheres, which are raore likely to occur for very sinall 
values of C\ 

Although an acceptable empirical correlation of experimental 
measurements has been obtained, the processes which determine inter- 
ference during droplet burning are as yet not understood. In view of 
the possible practical importance of interference during burning in 
sprays, additional laboratory studies on tho burning of simple geo- 
metric arrays, other t ar zro droplets, ap oar to be indicated. 
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vertical distance from center of droplet to lower 
flame surface 


b 


horizontal distance from center of droplet to 
outside flame surface 
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initial minimum distance between adjacent droplet 
surfaces 
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minimum distance between adjacent droplet surfaces 
at time t 
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initial droplet diameter 
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droplet diameter at time t 
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evaporation constant 
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weight fraction of the spray composed of oroplets with 
diameter lar er than D 



A considerable nunbvc of theoretical end erperi. -oi.tcl papers 






A reasonable theoretical prediction of mass burning rate for single 



fusion to the flame surface and boat conduction to the b. lining droplet 
control the burning rate (!■). 



the description of burning rotes in sprays (6). Tliose authors start- 
ed with the results of an Important theoretical study carried out 
some years ago by Probort (7). Probert node the followin,. assumptions! 



(a) The spray particle si sc follows the rosin-Bacas- 
lcr distribution law. 



where w equals the volume fraction or 
weight fraction of t’je spray composed of 
drops with diameters greater titan D, 13 1 io 
called tho size constant, and ?: is usually/ 

referred to as tho distribution constant. 

(b) The rate of burning of tho droplets is taken 
to be proportional to the first power of the 
droplet diameter. In this case it is easily 
y.'iowTi that 







i 



1 





where D is the droplet diameter at any 
time, D u is the initial diameter, and K‘ 
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vhich hag the dimensions of area per 
unit tine , , is knot.’n S3 the evaporation 
constant* 

Probert has shorn: her.; to compute the percentage of unturned 
fuel as a function of \f~V^T) Tj» for values of r. between 2 and 
h f whore t is the residence time of the burning droplets, 
recently correlations similar to these of Probert have been worked 
out for droplet- distribution laws other than the Eosin-Faassler dis- 
tribution law (3). 

Equation [2J, which isolates droplet diameter to the burning 
time, is kno - vn to correlate all of the observed results for the 
steadj' burning of sin pie fuel droplets in an oxidizing atmosphere 
{h)» Therefore, it is of obvious interest to determine whether or 
not the value of the evaporation constant, K*, for single droplet 
theory or e:rpe risen t has a riy relation to the value of K* appro- 
priate for spray combustion. Graves and Gerstein attempted to 
answer this question by measuring the combustion efficiency as a 
function of ox;’ yen concentration for a single tubular combustor 
us in.; iso-octane as fuel and countercurrent infection. They com- 
pared observed combustion efficiencies with calculated combustion 
efficiencies using Probert* s theoretical analysis in conjunction 
with val zes of X* measured for the burning of single droplets. Thi3 
comparison showed that all of the observed res ilts could not be ex- 
plained unless spray combustion involves effects, at least for oxygen 
concentrations below 2h percent, which can be ignored in the burning 
of single droplets. In connection with the use of single droplet 
data for studies on spray combustion, it is therefore, of obvious 
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importance to carry out laboratory studies on interference bet een 
droplets durin 0 burning. 

Although, as a eneral rile, statistical arrays are no re easily 
interpreted tra n snail numbers of droplets, such as 2, l, etc., ex- 
perimental studies on small numbers of droplets r/iy Provide a clue 
for tne important piiysico-che .ileal processes operative in droplet 
interference during burning. For this reason experiments have been 
carried out on the variation of K* with droplet size and dronlei 
spacinj for tro closely s^ced droplets. 



II. rJu 1, ..’IUDI C?: fill 

n-KI.iTABi Dl. Griffs 

A. Apparatus 



I . U 



Of TwO • Tibi. 



U 



In order to record the flume shape and the decrease in droplet 
diameter with time, the droplets were suspended on thin quartz fibers 
which were secured by means of a Sauereiser cement to a metal rod. 

The rod was bent at an angle of 90 de-rees at one end to insure a 
lar^e supporting surface. The rod was supported on & stand by means 
of a clamp. Hods of various diameters were used .'or different minimum 
spucinrs betucer, the adjacent surfaces of the droplets, C u (see Fig. i). 
The fibers were enclosed in a circular elastic tv.be of several i/.ches 
diameter in order to eliminate ambient air currents, bin pie droplets 



of fuel were suspended from the fibers by fore in j fuel through a 
hypodermic needle onto the fiber. The dirrdet diameters varied from 
.317 to .2 j ) c;..s. The droplets were reasonably 3Di;erical as s.uovvr, in 
the proto. raph of Fi« . 2. 

The drops were iy. Xtea by using :>r. automobile ignition system, 
connected to electrodes which straddled the two quartz fibers through 
holes in the tube (see Fi. . 3). This method of ignition was found to 
be useful for values of C less than or equal to 0.3 cms. For runs 
of C° greater than Q.d cms, a match wms used in order to i giite the 
droplets. 

An electrically driven Arriflex 3uV.mi .novie camera was used for 
photographin' the burning droplets. In order to photograph the flame 
front, a 10D watt bulb was placed behind and off to one side of the 
burning drops. This metiod silhouetted the drops and also left the 
flame front visible as shewn in Fi;,. 2. A ten inch adapter tube and 



telephoto lens were employed in crucr to obtain as large an inia t e 
as possible on each frame of film. Xodak Plus X and Kodak taper XX 
films were used with apertures of f6 and f£, respectively. 

L stroboscope served as timing standsru. A ten inch circular 
aluminum plate, with three holes placed 120 de-Tees apart, was 
secured to a 75 constant speed motor giving 3.75 flashes ner 
second. The s-roboscope was placid directly behind the burning 
drops. The camera speed was adjusted to almost 25 frames ner second, 
as determined frora observations of the stroboscope. 

A 3/32 inch ball bearing was photographed at the beginning of 
each 100 foot roll of film used. T.ue image served for calibration 
and was obtained under the ear's focusing conditions as for the burning 
droplets. 

The film was measured bv using a inters film recorder and a 
steel scale graduated in r.illicetera. Two measurements «ere ioade 
on each drop per frame, na ;ely, the two pt rper.dic ilar diameters 
inclined Ij 5 degrees to the major and rdr.or axes in the plane of 
observation. The mean value of these two readings was recorded as 
the "effective diameter" of the droplet. It is easily shown that 
if the major and minor axes do not differ , lvutly, as was the cose 
in our experiments, then the volume of a sphere with the measured 
effective diameter is not { .recti,/ different from that of the prolate 
spheroid, vrdch actually corresponds to the shaje of our droplets. 

Ir. most cases measurements were taken from ignition to bum out and 
recorded approximately every fifth or sixth frame. The flame shape 
parameters a^, a^, b^, azxi b^ (sec Fi t ,. l), >.ere also mens urea. 
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B. Eacpcrixiental r.C3ulto ielatinr to Flora© ;;hnpe end Buroin/: Kate 

Experimental studies were carried out for tare stationery n~hcptane 

o 

droplets in air end ehov/ed that tno square of the droplet, diameter, D , 
ms o linear function of 'ho tire, t, for each of the bum in " droplets, 
at least within t-ho limits of exporinnnlal accuracy. The flare shape 
parameters were found to very renaricabl;* little as the droplets burned. 
In Fins, h to 2u a. id in .able I are uuruarissod all of the observed ex- 



perixaental results. Ilia flante shape parameters are plotted as functions 

of time for tiiose sets of data for is.iich they v/ere measured. ?]■© squares 

? 2 

of the droplet diameters, Dj and D^, are plotted as a friction of the 
tine for all of the measurements, ’t^ect" straight lines liave been 
drawn through the exporixsontally determined points except for those 
casos in which the data i/orcs not adequately represented ty linear cor- 
relations. In so.ue cases the measures data surest periodic variations 

2 

of observed parameters (see, particularly, tips. 23 to 2 uj. Data of D 



as a function of i, which could not be correlated by straight li. es, 
have been ignored in subsequent attempts at finding 'universal correlations. 

In several instances, whore droplets of "reafcly different sires 
were used, observations were possible on the lar,jer mmaiidng droplet 

after the entailer droplet had burned out. in rtosfc of these cases the 

2 

slope of the D vs t c srvr ci'ampy 2 rar-*er abruptly and yielded 
data in fair e^reenent with t.'c irtrni sirule droplet n salts (d’~ O.JbO 
cm /sec) eftcr the sailor *ro 1 oi bed bv r od cu.i Ictcly (see Fi_,s. lC 
to 2-.’). For droplets of nearly orual diepeters (P. - Cg; tue ova ■'or- 
ation constants <1* aiai are nearly equal (see 11 
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A . Evaporation Constants 



If the evaporation constant, X', of a stationary/ fuel droplet 
suspenued from a quartz fiber is codified eu tens Ively by the presence 
of a second droplet burn in-:; in close prcxiunity, then one would expect 
the value of X' to depend both on the instantaneous values of the 
droplet diameters and on the distance between the droplets. In other 
words, one might expect K' to be a function of the tine. Contrary 
bo this idea, it has been found that X' is constant, within the 
experimental Ifni Is cf accuracy, for two droplets of r. -heptane 
burning in close proximity. Ir. fact, as will be shown in Tester 
detail presently, the observed values of K' seem to depend only 
on the initial droplet diameters and on the initial spacing between 



the droplets burning in air. 

The observed values of X' ~ (l/2) (K’ + KJ>) for droplets in 
which and D° did not differ by core than 20,* are plotted as a 
function of C° in Fig, 2>. Reference to Fi t . 2> shows that the ex- 
perimental results fall rouglilj into two categories depending on the 
initial average droplet diameter D° = (l/2) (D° + Dp. The numbers i 

Fig. 29 correspond to the numbers of the figures in which the raw data 
2 2 

of V3 t a ;.l of D| vs t are shown (Figs, U to 17). Reference to 
Fig. 29 8 hows that the average ova oration constant increases v.hen 
C'' is reduced from lar er values with negligible droplet interference, 
pres unably because heat losses from ..re flame surface are reduced 
by the proximity of a second heat sc tree for saff?.cier.tly s;:isll 
values of C°j K* reacnes a .jaxiuuu nv.l then decreases again 



cio 



C° is made still smaller. A decrease Lr. X» for \ cry snail 
val 'es of 0° could be produced ihro.i; V> the creation of o;y . en- 
deficient atmospheres res il tin" frru ir.en-.ast d competition for the 
oxy per sac ..ly Purnishe.; b, convection and iif 'usio’ , Or. the b<-sis 
of the prooosea. picture the maximum. in plots of K* vs C° res ills 
thro u, c i . a balance oetueca «,wo opposing factors, viz., decree - -.*: » heat 
loss and decreases oxy ct su.y.ly. ^he procc.se i i:v,eri L-ehe tion, if 
applicable to spray combustion, ...ay be of cons tolerable prcctical 
Lu-outarce. 

A number of attempts were aace to relate X* with simple functions 
of G°, C°/ D°, C° + U°, ( C~4 D°) / 5°, etc., is. ci’der to reduce 

the scatter of experimental points for different values of Is 0 • These 
efforts '.;ere, however, unsuccessful and su,,. est that -.he c\ oration 
constant, K*, which is independent of initial droplet cLLsikv cr ui 
sin pie droplet studies, loses its ci,Tiii icance as a basic correlate ,j 
parameter for two droplets burning in close pr ox bait; . .ct'er or 



not this conclusion i” i lee to sprs; a ca.u.ot be said titvo r farther 
experimental work. In the meantime, no/ft ver, it a- ears (. • iti l i out 

2 Q 

furtner proof, applicability of the droplet an mi i relation u ■- (If) 
K* tj used in Proberth s analysis, is subject to some question. Tno fact 
that K' varies with D'"' is sue.... :->&rz uireetly by plot tin; X’ as 

r- rQ 

a function of D for a re up of e. porimonlal data with nearly eqial 
values of C°. 

\ 

Two burning droplets meet the reo firemen tc o_ eo, ictrxc 
3if.iilar.itv wner. tney have the same vulies of C/ T5 aid of n . It 
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ir. easily sho'.vn from plots of C/ 15 vs D that (nearly) inter- 



secting carves are characterised by greatly different values of 
K* if the values of D J are different. In ether fiords, the vul’C 
of the evaporation constant is dete rained primarily. by the initial 
conditions and, if at all, only to a lesser extent by eo..elrical 
arrangement. It is possible that the initial convection currents, 
which depend on the initial conditions, exert- & profound influence 
on the burning of two adjacent droplets throughout the dro.ios 



life. 

D. Eva oration Fr eq uencies 

La view of the apparent depen-ier.ee of K' on d°, attempts 
cere made to find a simple function of K* and u° which could 
depend only on C° or or. a known function of C v and D°. /n 
obvious choice is the ratio K" = Y.' / (3°)^ to •which we s : r.11 refer 



as the evaporation frequency. 

In Fi.vS. JO to 32 re nave plotted K" as a f- .met ion of C°, 

0° + D^, and G 0 / D° , respectively. deference to Fir 3. JO zo 32 
shows that a fair correlation of all of the experimental data has 
beer: obtained, the scatter being perhaps smaller in the plots using 
G° and C° + D° as abscissa than in the plot usir. / the dimensionless 
quantity G°/ 5°. In the absence of an adequate theory concerning 



droplet interference, the significance of the observed "c 
is obscure, as is also ary extrapolation to sprays. For 
we must content ourselves with tr,e o’ serration t hat, .'or 
droplets urn ing in close proximity, 



o rrela tior.s " 
this reason 
two n-heptane 




the observed vnl es of 
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3 re fairly well epresenUu is a function of e liner C° or cf C° + D°< 
Constancy of the evaporation frequency, except for variations in C°, 

. tans that one fundamental birnir,, z*a to law for fixed Vc.liss of C° 
lies the foils 



(d ) 2 = (iff - k* (If ) 2 t 



a 



I" 



IV. FL^dL .ItnpjjS 

The flame slutpeo for t .o droplets, as for sin. le droj lets, are 
determined largely by convection cirrents. A qualitative description 
of flame shapes can be fiver, on the basis of available experimental 



measurements. 



A. Pla ne hapes for bin lo Stationary ihiel Droplets burning Lri fir 

According to art elaboration* of observations by Xumagai and Kimura 
(9), a realistic description can be obtained for the flame shape sur- 
rounding a burning single, stationary, droplet of fuel in air by 
allowing for cite influence of free convection. 

iv burning fuel drorlet in air must produce free convection 
currents. In Fit* 33 v?« snow a schematic uia 'ra •. of the fl.uac 
shape for a single iroplet. be s^mll assume that the convection velocity 
corresponds to a uniform flow with velocity U at some distance upstream 
from the initial undisturbed flame front# The combination of urning 
droplet ar.d convective flow then acts as a source in a unifora flow 
field and, at 3teady burning, establishes the flow pattern corres end- 
ing to a half body as lower boundary,'. The stream surface Uirouji the 



*The present discussion is based on ideas formula tea by L. Lees and 
S. . . Per.ner. 
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lorrer etagnation point nay be thought of as dividir, • initially tbo 
stream lilies originating from the source (fuel droplet) end the stream- 
lines established by connective flo-.». This situation is, however, 
unstable and difils .vc trees ..ort of oxidizer and fuel across the stream 
surface must be established. The taip'cutial Hot: velocities at the 
stream surface of fuel vapor and air are initially c( x ual. idvaumably 
concentration and temperature gradients are establish^ i during stead;' 



burning in such a way that diffusive transport of fuel and cxy en 
brings a stoichiometric mixture rou.d&y to the stream surface, thereby 
making tide lower stream surface a flame surface. 

Most of the fuel van or is deflected around the 3tream surface 
and ultimately moves vertically upward through a cylinder of diameter 
b. An air flow is established parallel to the fuel flow, moving » ith 
the same uniforu velocity U as the approach stream and lr:c fuel 
vapor. Hence conditions arc established for the formation of an 
overventilated diffusion fie we ana oho flame height h can presum- 
ably be calculated, in first h. i roxinuiion, from the classical treat- 
ment of Bj.rke and iehuma;.. for diffusion flumes. 

The preceding rerv-r' - s i ay be su. nf.riznd by notin, mat the effect 
of free convection is, i xirst a_ proxic.ati.on, a distortion of the 
spherical flame front to a flame surface whose lower bouriaiy is the 
stream surface cor res pc In - to a source of strength x.J f , (.Cj, = 

mass rate of burning of fuel droplet, = density cf fuel vapor) 
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in a unii'om flow of velocity Uj the upper fierce surface oay be 
described as the flame front for a cylindrical dix'i us Lon fl^e with 
the inside cylinder of diameter b and the flow velocities of fuel 
and air equal to U. 



The postulated description of the flame surface leans to results 
widen are in accord with the observations of Kumugai and Kimura. Thus 

2 b = y|2 y/ f ■< <J , ■ [1,] 



and 



2b/a = 




[5] 



Furthermore, since U sin © (i.o., the tup-ential "low velocity 

of air at the stream surface) must be equal to the; tarjenlial :lo . 
velocity of fuel vapor, one would expect that O' ur.d -.*.p are pro- 
portional to each other. 



ihus o~S [6] 

since is known to be proportional to the diameter Ox the burning 

fuel droplet, ^lsc b snoulu be e. constant for a Lven ,<el drop- 
let and oxidizing median. j Kamagai and Kir (9) fw ind b to remain 

unchanged, for exaiaole, for octane oil as tne droplet diameter was 



.increased from about 0.07 to 0.12 cm 




lower flame surface corresponding to ire otreu.u surfed - and also «ith 



droplet occurs i’i 'em tic upper flame sun act. Tie aioa of Luis surface 
(for h sb) is roughly proportional to bh. But for a cylindrical 



The energy transport to the fuel droplet is proportional to tne product 



the total energy transport to the fuel droolet :.s.ist be '.rcporti.onal 



Although the picture of the formation of a heterogeneous diffusion 
flame given above seems qualitatively correct, it is apparent that a 
complete solution of tho problem under consideration cannot be ob- 
tained without a quantitative analysis of energy transmit to the 
droplet from the flame boundaries. However, the qualitative consider- 
ations based on the wo rk of Kuna,_ai and Klmura and sketched above 
surest that the following in-ortant results will be obtained; (a) 

rip weakly dependent on flare shape; (b) I! and h proportional to 

o 

Dj ( c) h proportional to b j (d) b in iecenient of D. 

B. Fla_ .e bhapes for Two n-Heptane J-op l ets '■ r, . in Cl- se Proximity 






to kp jo. , Therefore, 



b 2 U ~ y y, p 



or 




For two n-heptane droplets bu rn i i . g in close projcL.uty it lias 



already been i.ohod that a , b , a , ns id b, cf'cnpo very little durinc 

lit* t. 

droplet bum.', nr. PortheriTore, reference to rir:s* Ij to 0, Pie* 15 rrxl 



Z 1 i(T3. 1 i oO 2o ShOVtU t '.'Jo 

different R-ojs unit;' and 



the rctio of b to a ic-> not sensibly 
(ioon not. sewn to depend strongly o.. C°. 



In cone cocos, the distances of t!w fiasco surfaces frc;n the drop- 
lot surfaces regained constant durinj burning (sec flo 2). 

The drorxlet spuclr.r; parameter C is, of course, detezr-ined 
thresh tiie xjeonotric rauxvni' orient. Tixzo 

C^C° + (1/2) (D® - L' a ) + U/2;(D° - n 2 ) 



or 

c C G +(i/ 2)D° 



1 - 2«t/ (D°) 2 ,+(l/2)D G ! 1 



Kjt/ (C®) ? • 



seedless to say, Use iirsse dependence of C is well represented by 
iiq ration [?] , so shown in Fly. 3b • 



V. COnCLVSIObS 



The .Irweotijatioi'ie of droplet interference duriwp buminc 
described in tills ro_sort xiave shown a nunber of u. .expected z’eoalfc 
which m w roll be of importance for a fundanental understanding of 
spray combustion. In particular, the fact that the evaporation 
constant is no longer independent of droplet uisuaeter for fixed 
spacing requires further stud;/. An obvious extension of the presort 
experirsental program loads to burning rate studies on simple ^eoaetrlc 



arrays, each as five droplets. It is also apparent tiiat 
rental theoretical studies on interference Juris:/,' buraia,-; 



aoir.e funda- 
are re- 



quizzed. 
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FIGURE I. SCHEMATIC ARRANGEMENT OF FLAME 
INTERFERENCE EXPERIMENT WITH TWO DROPLETS 
BURNING IN CLOSE PROXIMITY 
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IGNITION 




T = 0.53 SEC. 





T = 0.92 SEC. 




T= I. 28 SEC. 




T=l.44 SEC. 




T= 1.70 SEC. 




T = 1.90 SEC. 




T =2.15 SEC. 




T = 2.40 SEC. 



FIGURE 2. 



PHOTOGRAPH OF TWO n -HEPTANE 
DROPLETS BURNING IN AIR (D? = 
0.181cm, D°=0. 174cm, C e =O.II4cm) 
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FIGURE 3. SCHEMATIC DIAGRAM OF DROPLET 
IGNITION 




FIGURE 4. EXPERIMENTAL RESULTS FOR TWO n- 
HEPTANE DROPLETS BURNING IN STILL AIR (D?=0.I94 

cm , Df=O.I66cm, C°=0.020cm) 




FIGURE 5. EXPERIMENTAL RESULTS FOR TWO n - 
HEPTANE DROPLETS BURNING IN STILL AIR (D?=O.I8lcm, 
D?=O.I74cm, C°=O.II4cm) 



Flame shape parameters, cm 
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FIGURE 6. EXPERIMENTAL RESULTS FOR TWO n - 

HEPTANE DROPLETS BURNING IN STILL AIR (D?= 0.166 
, D?=O.I54cm,C°=O.I83cm) 




cm 



cm z C T cm Flame shape parameters , cm 
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HEPTANE DROPLETS BURNING IN STILL AIR (D°*O.I92 
cm, D£=O.I76cm, G°=0.230cm) 



cm* C,cm Flame shape parameters, cm 




time, sec 



FIGURE 8. EXPERIMENTAL RESULTS FOR TWO n - 
HEPTANE DROPLETS BURNING IN STILL AIR (D°= 0.165 
cm, D?= 0.142cm, C°=0.264cm) 



cm C, cm Ffame shape parameters, cm 
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time, sec 

(D°=O.I82cm, D?=0. 182cm, C°=Q892cm) 




FIGURE 9. PLOTS OF D* vs time FOR TWO n -HEPTANE 
DROPLETS BURNING IN STILL AIR FOR VARIOUS C° 
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FIGURE 10. PLOTS OF tf vs ,ime FOR TWO n -HEPTANE 
DROPLETS BURNING IN STILL AIR FOR VARIOUS C° 
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(D?= 0.138cm, D?=O.I34cm, C°=0.208em) 




(D°=0.l30rm, D£=O.I2"&m, C°=0.222cm) 

FIGURE II. PLOTS OF D 2 vs time ond Cvs time FOR TWO 
n -HEPTANE DROPLETS BURNING IN STILL AIR FOR 
VARIOUS C° 
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i 1 1 1 1 1 1 1 1 1 1 \ 1 

0 .2 .4 6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 

time, sec 



(D°= 0-1 24cm, D?= 0.124cm, C°=0.235cm) 




time, sec 

lD°= O.I35cn\ D°= 0.1 nfcm,C 0 = 0.313cm) 

FIGURE 12. PLOTS OF D%$ time and C vs time FOR TWO 
n-HEPTANE DROPLETS BURNING INSTILL AIR FOR 

VARIOUS C° 




(DM33 cm, D|=J22cm, C-.540cm) 




time, sec 

(D?=. 126cm, DM 126cm , C°=0.40cm) 
FIGURE 13. PLOTS OF D\ s time ond C vs time FOR 
TWO n - HEPTANE DROPLETS BURNING IN STILL AIR 

FOR VARIOUS C° 
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0 2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 

time* sec 



( D°= 0.121 cm, Dj=O.II8 cm , C°= 0.38 4 cm ) 




n-HEPTANE DROPLETS BURNING IN STLLAIR FOR 
VARIOUS C° 
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time, sec 

FIGURE 15. EXPERIMENTAL RESULTS FOR TWO n - 
HEPTANE DROPLETS BURNING IN STILL AIR (D?=0.I43 cm, 
D 2 °=0. 142cm, C°= 0.533 cm) 



cm Flame shape parameters ,cm 
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time, sec 

( D?=O.I55cnri D?= O.I42cm, C°=0.496cm) 




time , sec 

(D?= 0.1 41cm , Df=0. 135cm , C°=0.538cm ) 

FIGURE 16. PLOTS OF D%s time ond C vslime FOR TWOn- 
HEPTANE DROPLETS BURNING IN STILL AIR FOR 
VARIOUS C° 
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( D?= 0.156cm, D?= 0.15 6crn CMIOcm) 




(Df= 0.15 6crn, D?=O.I4lcm , C°=0.883cn} 




(D?=0.l56cm, D?=O.I47crn, C°=0.8l3crti) 

FIGURE 17. PLOTS OF D%s time FOR TWOn-HEPTANE 
DROPLETS BURNING IN STILL AIR FOR VARIOUS C° 
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FIGURE- 18. EXPERIMENTAL RESULTS FOR TWO 
HEPTANE DROPLETS BURNING IN STILL AIR (D?=0.208 
cm, D2=0. 155cm, C°=0. 126cm) 
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time sec. 

FIGURE 19. EXPERIMENTAL RESULTS FOR TWO n- 
HEPTANE DROPLETS BURNING IN STILL AIR (D?=0.209 
cm, D|=0- 170cm, c°=0.352cm ) 



cm* C,cm Flame shape parameters, cm 
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FIGURE 20. EXPERIMENTAL RESULTS FOR TWO „ - 
HEPTANE DROPLETS BURNING IN STILL AIR (D?=0.I98 
cm, D?=0.l40cm,C°=0.375cm) 



cm* O t cm Rome shape parameters, cm 




time sec. 

FIGURE 21. EXPERIMENTAL RESULTS FOR TWO n - 
HEPTANE DROPLETS BURNING IN STILL AIR (D?= 
0.167cm, D?= 0.115 cm, C°= 0.520 cm) 




FIGURE 22. EXPERIMENTAL RESULTS FOR TWO n- 
HEPTANE DROPLETS BURNING IN STILL AIR (D?«0.I60 

cm, DS-O.I3I cm , C°=0.532cm) 
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time sec. 



FIGURE 23. EXPERIMENTAL RESULTS FOR TWO 
HEPTANE DROPLETS BURNING IN STILL AIR (D?=O.I92 
cm, D?=O.I48crn, G°=0.026cm) 




FIGURE 24. EXPERIMENTAL RESULTS FOR TWO n- 
HEPTANE DROPLETS BURNING IN STILL AIR (D°= 0.208 
' cm, D|= 0.164cm, C°=0. 150cm) 




FIGURE 25. EXPERIMENTAL RESULTS FOR TWO n - 
HEPTANE DROPLETS BURNING IN STILL AIR (D? = 
O.I9lcrrv D°=O.I78cm, C°=0246cm) 




time, sec 

FIGURE 26. EXPERIMENTAL RESULTS FOR TWO n- 
HEPTANE DROPLETS BURNING INSTILL AIR (Df= 
0.192cm, D?=0. 180cm, C°=0.355cm) 



D* cm* C,cm Flame shape parameters , cm 
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HEPTANE DROPLETS BURNING IN STILL AIR (D?=0.202 
cm, D2=O.I79 cm, G°=0362crr) 



cm * C,cm Flame shape parameters,cm 



-44- 



V 



.3r 




T 



. 2 - 



-• 

i 



.1 - 




^ 1 1 1 1 1 1 1 1 1 - 




1 1 1 1 1 1 1 1 1 1 1 1 

0 .2 A .6 ,8 1,0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 

time, sec 



FIGURE 28. EXPERIMENTAL RESULTS FOR TWO n- 
HEPTANE DROPLETS BURNING IN STILL AIR (D?= 
0.200 cm, D?=0.I56 cm, C°= 0.466cm) 



cm 1 C, cm flame shape parameters, cm 
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FIGURE 29. VARIATION OF THE AVERAGE EVAPORATION CONSTANT 
WITH C° FOR DROPLET PAIRS WITH DIFFERENT INITIAL AVERAGE 
DIAMETERS D° 
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sec 1 




C°/D° 

FIGURE 32. DEPENDENCE OF THE EVAPORATION FREQUENCY K" ON 
C7D° 




FIGURE 33. SCHEMATIC DIAGRAM OF BURNING 
FUEL DROPLET. STREAMLINES IDENTIFIED 
BY ARROWS. 



experimental 



-50- 



•a 

a> 

<n 

8 

d 

Jl 

\*1 



'(J 

<v 

in 

00 

to 

CO 

6 

«n 

ik 




00 
’ (\J 

CO 

CM 

"" CM 

CM 

CM 

6 

CM 

-.oq 





-9 

■-00 

..CO 

« 



CVJ 



o 



FIGURE 34. PLOT OF EXPERIMENTAL AND CALCULATED VALUES 
FOR C, vs time WHERE G t =G 0 *D°(l-/K , T) 
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